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ABSTRACT OF 1 THE DISCLOSURE 
This invention is directed to a sintered W base alloy 
consisting essentially of about 55 to about 98 wt .% W, about 0 . 5 
to about 12 wt.% Ni, about 0.5 to about 8 wt.% Fe, the ratio of 
Ni to Fe being from about 1:1 to about 4- : 1 3 about 0 . 5 to about 
2 5 wt.7» Mo , and about O.Ol to about 15 wt.% of a property impro- 
ving element selected from trie group of Co, V, Ta, 2r, Ti, Y, Re, 
B , Si and mixtures thereof • Chromium may substitute for molybd- 
enum up to 15%. In addition to being useful for high density 

applications, structural applications, and high temperature appl- 
ications the alloys may be used for die casting dies, molds, 
cores and other metal shaping members • 
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The present invention relates to tungsten alloys and high 
temperature tooling components • 

In U.S. Patent No. 3,656,731, tungsten base alloys are 
described containing specified amounts of nickel , iron and 
molybdenum for high temperature shaping members and tooling com- 
ponents • 

Tooling components formed from these compositions operate 
very satisfactorily in producing both ferrous and non-ferrous 
castings resulting in much greater shaping member and die 
component life. 

However, in connection with further invest! gat ions 
in this area, it has been found that certain additional ele- 
ments when used in conjunction with the foregoing elements 
result in increased benefits and improved properties over those 
obtained with the above— identified tungsten— nickel— molybdenum 
shaping members • 

An additional object of the investigations has been 
to develop alloys for general use and application. In this 
connection certain compositions have been developed which 
appear to be useful not only in the shaping member area but 
in a wide variety of articles and structural components. 

It is an object of the present invention to provide 
al loy compositions having increased mechani cal properties at 
room temperature . 

It is another object of the present invention to 
provide compositions which have improved mechanical properties . 
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It is another object of the present invention, to 
provide alloys which have increased, resistance to thermal 
fatigue . 

It is another obj ect of the present invention to 
provide alloys which have increased resistance to corrosion. 

It i s another oh j ect of the present invention to 
provide alloys which have increased resistance to oxidation - 

It is another obj ect of the present invention to 
provide shaping members which operate for extended periods 
of time without replacement . 

It is another object of the present invention to 
provide shaping members which will operate at higher tempera- 
tures. 

It is another object of the present invention to pro 
vide shaping members which are resistant to corrosion during 
operation . 

It is another object of the present invention to 
provide shaping members which are more resistant to oxidation 
during operation. 

It is, therefore, an object of the invention to 
provide a die casting dies or molds , cores and other metal 
shaping members which have a long life. 

It is another object of the invention to provide a 
die casting dies, molds, cores, core pins and other metal 
shaping members which will be resistant to erosion when 
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sub j ected to the washing action of molten metals and alloys , 
including ferrous and non-ferrous metals and alloys such as 
copper , brass or bronz e , aluminum and aluminum alloys, zinc 
and zinc alloys, magnesium and magnesium alloys. 

Another oh j ect of the invention is to provide a die 
casting dies, and other shaping member s which will resist 
cracking or spa 1 ling when subjected to the thermal stresses 
created by molten metals and alloys being forced into dies 
and molds under pressure . 

Another object of the present invention is to provide 
sh aping members which have resistance to thermal shock. 

Still another object of the invention is to provide 
shaping members which have resistance to erosion . 

Still another ob j ect of the invention is to provide 
shaping members which are resistant to spa 1 ling - 

Still another object of the invention is to provide 
shaping members which are resistant to cracking - 

Still another object of the invention is to provide 
shaping members which have low surface roughness after 
continued operation. 

It is another object of the present invention to 
provide shaping members which require cleaning less frequently 

It is another object of the invention to provide 
shaping members having good mechanical properties both at 
room temperature and at elevated temperatures encountered in 
die casting operations . 
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Another object of the present invention is to provide 
shaping members which rapidly remove heat from the metals and 
alloys being cast. 

Another object of the present invention is to provide 
a method of casting re suit in g in increased life of casting 
components including dies, molds, cores, core pins and other 
shaping members - 

Another object of the present invention is to provide 
a method of increasing the life of casting components including 
dies t molds , cores , core pins and other shaping members - 

Other objects will be apparent from the f ol lowing 
description and drawings . 

In the drawings s 

FIGURE 1 is a cross section of an exemplary die 
casting die or mold j 

FIGURE 2 is a cross section of another exemplary 
die or mold; 

FIGURES 3 through 6 are perspective views of exemplary 
shaping members which may be utilized in accordance with the 
present invention . 

As disclosed in" U.S. Patent No . 3,656,731 tungsten 
based alloys containing iron and nickel additives can be 
formed by powder metallurgy and liquid phase sintered at reason- 
able temperatures to make articles having densities . - .very 
near theoretical with high yield and tensile strengths , good 
ductility, good impact strength, and high resistance to thermal 
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shock . Such alloys are readily machined utilizing ordinary 
machine shop tools and practices so that intricate cavity 
shapes can he readily formed . And tung st en- iron-nickel alloys 
are susceptible to heat treatment which increases not only 
their tensile properties, hut more important for casting 
applications, their ductility. 

It has he en found that when molybdenum is added to 
the tunsten-iron-nickel material , some of the mechanical 

lO properaties including strength of the shaping members, both 

at room temperature and more important at elevated "temperatures 
is observed as well as increased resistance to thermal shock. 
It is this effect at least in part that results from the 
strengthening of the iron-nickel matrix by the solution of 
molybdenum in the matrix during liquid phase sintering. The 
amount of molybdenum added is a balance between the amount 
needed to be effective in increasing the mechanical properties 
and the amount which adversely effects the shrinkage character— 

20 istics of the material. Thus the amount of molybdenum added 

must be controlled such that thermal cracking due to the 
expansion of the components of the material is avoided when 
the working surfaces of the. die are exposed to the elevated 
temperature of the molten metal being cast. Yet sufficient 
molybdenum must be added to take advantage of the improved 
mechanical properties of the molybdenum containing material. 
Amounts of up to about 2 5 percent by weight have been found 
to improve the strength and hardness. Amounts less than about 
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O - 5% by weight have little or no significant effect on the 
shaping member proper-ties. The preferred molybdenum content 
is from about 2 to about 8 weight percent to effect a suitabl 
balance . Amounts of up to about 6% are particularly pre- 
ferred - 

Thus , in accordance with the present invention, it 
has been found that tungsten base alloys containing from 0. 5 
to about 12% nickel, from 0.5 to about 8% iron, and from 0.5 
to about 25% molybdenum may be satisfactorily used together 
with at least one additional element which either increases 
the mechanical proper it ies at room temperature 'including 
strength , ductility and/or increases the corrosion resistance 
and resistance to oxidation at elevated temperatures and/or 
increases the resistance to thermal fatigue. These additives 
include cobalt, chromium, manganese, vanadium, tantalum, 
zirconium/ titanium, yttrium , rhenium, boron and silicon. 
These elements may be used singly or in combination with an 
amount of at least 0 . 01% each up to * an amount of 15% total • 

Certain of these elements provide resistance to cor- 
rosion and particularly resistance to oxidation at elevated 
temperature . These elements include chromium, rhenium, 
yttrium, and/or silicon. These elements may be . added in an 
amount of from 0 . 1 each to 15% total preferably in an amount 
from .2 each up to 5% total. In regard to these elements 
it should be pointed out first that chromium in addition to 
increas ing the oxidation resistance at elevated temperature. 
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chromium and rh enium increase the elevated temperature strength 
and hardness r at temperatures up to 1800°F and higher . 

Another element which increases the elevated tempera- 
ture tensile strength and hardness is boron in an amount from 
0 .05 to .5%. It is believed that this effect results from 
combinations of boron with molybdenum and/or tungsten . 

Another useful element is cobalt . Cobalt inhibits 
the formation of undesirable intermetallic compounds , including 
for example, compounds of tungsten and nickel , and compounds 
of molybdenum and iron- Cobalt should be used in the range 
of about O . 5 to 5%. 

It has further been found that manganese improves 
the ductility of tungsten metal— iron— molybdenum alloys «. 
Manganese improves the torsional ductility and* specimens 
containing the above elements with manganese have been sub- 
jected to torsional twists up to 630° and higher successfully.. 
Another advantage of manganese is that it makes the material 
less notch sensitive ; up to about 10 foot pounds and higher . 

Still another element which may be utilized in ac- 
cordance with the present invention is vanadium in an amount 
of O . 5 to 5% by weight. Vanadium improves the room temperature 
and elevated temperature tensile - strength , hardness and 
ductility that vanadium produces grain refinement of the matrix 
of the liquid phase sintered component. This grain refinement 
is believed is also the reason why improved ductility is ob- 
served and at the same time impaired strength and hardness. 

It was indicated above that chromium is an element 
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which may be a del eel fox* improved elevated temperature strength 
and corrosion resistance. Furthermore , it has been found that 
chromium in an amount up to 15% may substitute for some or all 
of the molybdenum in accordance with the present invention. 
In other words , the present inv ention encompasses alloys 
containing 0.5 to 12% nickel, O . 15 to 8%. iron, and O . 5 to 15% 
Chromium. However, chromium additions are particularly effective 
in combination with molybdenum as can be seen from the data 
hereinafter presented . 

The tungsten alloys of the present invention should 
contain from about 55 to about 98 weight percent tungsten, 
form about 1 to about 12 percent nickel and from about 0.5 to 
about 7.5 percent iron . The ratio of nickel to iron in the 
shaping members of the present invention should be from about 1 
to 1 to about 4 to 1 . 

The preferred range for the alloys of the present in- 
vention is from about "75 to about 95 weight percent tungsten, 
from about 1.5 to about 8 percent nickel, from about 0.5 to 
about 5 percent iron, and from about 2 to about 8 weight percent 
molybdenum and 2 to 8% chromium or without one or more of the 
abovementioned additives _ Preferable , the ratio or nickel to 
iron is from about 1.5 to 1 to about 3 to 1 . 

It is a further embodiment of the present invention, 
it has been found that interstitial elements including oxygen, 
carbon, nitrogen and hydrogen tend to embrittle tungsten— nickel- 
iron— molybdenum alloys and preferably there should not be more 

than about 100 parts per million of each of these elements, 

8 
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most preferably interstitial should be below 10 parts per 
million, and below lOO parts per million total. 

The shaping members of the present invention generally 
have a tensile strength of at least 130,000 psi at room tempera 
ture and a yield strength of at least 85, OOO psi at room 
temperature. Values of 140,000 psi and higher tensile and 
125,000 psi and higher yield can be obtained with tungsten 
contents of about 90%. Elongation is important because the 
shaping members must withstand thermal shock . The elongation 
is usa lly at least two percent for this reason and is often at 
Xeast three percent • 

Through heat treating, elongations of from 5 to 25 
percent can" be achieved and elongations in this range are the 
most preferred for applications requir ing particularly high 
resistance to thermal shock . 

Th e pr ef err ed method o f heat tr eatment compr i s es 
heating the sintered compact to a temperature of 500-1200 0 C 
in a neutral or slightly reducing atmosphere for about one- 
half to twelve hours and then quenching rapidly. 

Some exemplary compositions and properties are given 
in Table I.. 
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The high termal conductivity of the alloys of -the 
present invention when used as shaping members tends to result 
in sol id , sound castings 7 and the rapid rate of heat removal 
tends to reduce welding and erosion and thermal stresses . 

The shaping members of the present invention can with- 
stand many more cycles of operation than steel shaping members 
before such polishing and/or machining is necessary. The shap- 
ing surface of the shaping members of the present invention 

IO 

almost always have a surface roughness below about 300 x 

IO" 6 inches after 50, OOO cycles . It is visually below 300 x IO -6 

inches after 125,000 cycles. In fact, in many instances the 

surface roughness is below 200 x IO"* 6 inches after IOO, OOO 

or 120 , OOO cycles . 

Tests have been conducted on various tooling components 
such as die casting dies , core pins, plungers, sprue pins, etc. 
In a typical die casting die wherein brass castings were formed, 
52,000 castings were made. The brass was injected into the die 
20 at a pressure of about 18 , OOO psi . The temperature of the brass 

was about 1750°F . Under these conditions , typical tool steel 
dies had an average life of 5 , OOO castings. 

Tensile strength at elevated temperature is generally 
good for the alloys of the present invention. It has been found 
that in short time tensile tests the following tensile strengths 
can usually be obtained with the alloys of the present invention; 
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SHORT TIME TENSILE STRENGTHS 

Temp < °F ) Tensile Strengths (psi ) Preferred Typical 

1200°F 75,000 psi 100,000 psi 125,000 psi 

1500°F 52,000 psi 90,000 psi 95,000 psi 

1800 F 35,000 psi 50,000 psi 54,000 psi 

2000 F 20,000 psi ?30£000 psi 34,000 psi 

Still another important property of the alloys of. the 
present invention is the thermal conductivity or the rate at 
■which heat is transferred through the alloys of the present in— 
IO vent ion » The thermal conductivity at room temperature is usually 

about 0.20 cgs units and preferably it is about 0*30 cgs units* 

In accordance with another embodiment of the present 
invention a shaping member such as a die, mold, core or other 
metal shaping member is utilized having a molding surface.: 
comprising a tungsten— iron— nickel alloy previously described* 
For example, the shaping members may comprise one or more die 
b locks defining a portion of a die cavity, as well as cores, 
core pins and other metal shaping members commonly associated 
20 with ferrous and non-ferrous casting, particularly die casting* 

The conduit or conduits, or other means to conduct molten metal 
to the casting cavity may also utilize surfaces made of the 
previously described alloys, if desired* 

Referring now to r FT GURUS 1 , an exemplary die casting 
die or mold 10 in the main comprises at least two blocks 11 and 
12 each having a cavity 13 and 14 the blocks being positioned 
adjacent each other to form a continuous die cavity 15 for 
forming a metal part* As shown, the casting die is held within 
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a block housing 16 composed of two sections 17 ana. 18. Molten 
metal from which the part is to be formed , is fed to the 
cavity 15, under pressure, by "way of conduit 19. The shape 
of cavity 15 is determined by molding surfaces 13a and 14a . 
The shape of the cavity as shown in FIGURE 1 is by way of 
illustration only, the particular shape being cast being 
dependent upon the shape of the part desired. 

An important feature of the present invention lies 
in the material used to fabricate the shaping members such as 
blocks 11 and 12 which define the surfaces 13a and 14a. A 
tungsten base alloy containing iron , nickel and molybdenum 
or chromium is used to give dies and other shaping members 
longer life even though high melting point metals and alloys 
such as case iron, steel, copper, bronzes and brasses or other 
non-ferrous metals such as aluminum, aluminum alloys , zinc , 
zinc alloys , magnesium and magnesium alloys are being molded. 
It is within the scope of the invention to form such surfaces 
from a tungsten— nickel- iron-mo lybdenum- chromium alloy coating 
upon the die blocks , cores , core pins , or other shaping members 

With particular reference to FIGURE 2 , another 
embodiment of the present invention is described. In FIGURE 2, 
a die casting die or mold 20 is formed from two split sections 
or blocks 21 and 22, the blocks being fabricated from the tung- 
sten base alloy of the present invention by liquid phase 
sintering . The die is held within a block housing 23 that is 
principally made up of two sections 24 and 25 and backing 
plates 3 6 and 37 . 

13 
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Each section of -the die con-tains a cavity 28 and 29 
each having a mold surface 30 and 31, the cavities "being 
machined into the blocks. Cavities 28 and 29 together* with 
the space 32 formed by the spaced relationship of the 
blocks 21 and 2 2 form the continuous die cavity 33 - The parti- 
cular part Being formed by the casting die in this instance 
comprises a faucet nut having approximately 5/8 inch X ,r> . 
a 1 inch O .D . and a length of 3/4 inch. The molten metal used 
to form the article is fed to the cavity through conduit 34 . 

After forming blocks 21 and 22 with their cavities, 
the blocks were heat treated to increase their ductility such 
that an elongation of about 15% was achieved. 

FIGURES 3 through 6 depict various other high tempera- 
ture tooling components used in the die casting and plastic 
injection molding industries wherein the tungsten— iron— nickel- 
molybdenum alloy of the present invention has been found to be 
remarkably superior to prior art materials used in fabricating 
the components. It should be understood, however, that the 
components shown are merely illustrative and not exhaustive 
in scope . 

In FIGURE 3 there is shown a sprue pin 40 whose working 
surface 41 normally forms a part of the die cavity and which 
is used to knock out the formed part from the die cavity. In 
FIGURE 4 there is shown a plunger tip 50 having a working 
face 51. The tip is used to force molten metal into the die 
cavity, the molten metal being forced through the working 
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face 51. FIGURE 5 shows a core pin 60 having an outer dia- 
meter fox- mi ag a working face SI which forms the inside diameter 
of a casting. FIGURE 6 illustrates a nozzle 70 having a bore 71 
through which the molten material for metal or plastic in— 
j ection molding is fed under pressure • As such , the surface 7 2 
forming the bore 71 is subjected to the thermal stresses imposed 
by the washing action of the hot material being fed through the 
nozzle • 
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THE EMBOD IMENTS OF THE INVENT ION IN WHICH AN EXCLU S IVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS 2 

1 . A sintered W base alloy consisting essentially of 
about 5 5 to about 9 8 wt . % W , about 0.5 to about 12 wt - % Ni, about 
0.5 to about 8 wt.4 Fe , the ratio of Ni to Fe being from about 

1 z 1 to about 4:1, about 0.5 to about 2 5 wt . % Mo , and a property 
improving element selected from the group of about O.Ol to about 
15 wt . % of Co , V , Ta , Sr , Ti , Y , Re , B , Si , about O . Ol to about 
3.2 wt . % Mn , about O.Ol to about 8 wt - % Cr, and mixtures thereof. 

2. The alloy of claim 1 wherein the wt . % the property 
improving element is up to about 5 wt - % of an element selected 
from the group of Co , V , Y , Re, B, Si and mixtures thereof. 

3. The alloy of claim 1 or 2 in the form of a shaping 
surface of a shaping member for high temperature forming of metals. 

4. A sintered W base alloy heat treated by heating to 
a temperature of about 500 0 C or higher and quenching consisting 
essentially of about 7 5 wt.% or more W, about 1-5 to about 8 wt . % 
Ni , about 0.5 to about 5 wt.% Fe , the ratio of Ni to Fe being 
from about 1.5:1 to about 3 si, about 2 to about 8 wt.% Mo, about 

2 to about 8 wt.% Cr, and a property improving element selected from 
the group of up to 5 wt . % Co , Re , Y , Si , V , up to O . 5 wt . % B , up 

to 3.2 wt.% Mn r up to 1.5 wt.% Ta, up to O.l wt.% Zr, up to 1 wt.% 
Ti and mixtures thereof . 

5. The alloy of claim 4, wherein the Mo is from about 
2 to about 6 wt . % . 

G . The alloy of claim 4 or 5 in the form of a shaping 
surface of a shaping member for high temperature forming of metals. 

7 . The alloy of claim 4 or 5 in the form of a shaping 
surface of a shaping member for high temperature forming of metals 
having a tensile strength of at least about 13 0,000 psi at room 
temperature, a yield strength, of at least 85, 000 psi at room 
temperature, and a thermal conductivity of at least about 0.20 cgs 
units at room temperature. 

16 
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8 . The alloy of claim 4 , including interstitial ele- 
ments of less than about 1O0 ppm total . 

9. A. sintered W base alloy consisting essentially of 
about 5 5 to about 9 8 wt.% W , about 0.5 to about 12 wt.% Ni, about 
0.5 to about 8 wt.% Fe , the ratio of Ni to Fe being from about 
1 z 1 to about 4:1, about O - 5 to about 25 wt . % Mo , and a property 
improving element selected from the group of an effective amount 
up to about 5 wt.% Co, an effective amount up to about 6 wt.% Cr 
and mixtures thereof . 
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